In this paper, we analyse the sources of time variation in consumer inflation across ten Central and Eastern European (CEE) countries and five sectors (durables, semidurables, non-durables, food, and services) in the period 2001-2013. With a multi-level factor model we decompose product-level HICP inflation rates into CEE region-wide, sector, country, country-sector specific and idiosyncratic components. The outcomes indicate that two region-wide factors explain about 17% of variance in monthly price changes, whereas the other common components explain below 10% each. The regionwide and country specific components are persistent in opposition to sector and product-level components, which is generally in line with similar studies for core EU countries. Surprisingly, CEE-wide component is relatively more important and as volatile than lower-level components, which is at odds with the results on the importance of sectoral prices. This difference may be related to the conclusion that the first CEE-wide factor is associated with common disinflationary processes that occurred in CEE countries on their road to the European Union, whereas the second one reveals significant correlations with global factors, especially commodity prices and euro area price developments.
Introduction
The literature of the past two decades suggests that there is a high degree of comovement in inflation rates across countries. Popular explanation of this stylized fact is a globalization effect, which is responsible for weakening the relationship between inflation and domestic economic activity (Borio and Filardo 2007) . With the increased openness of country economies the vulnerability to common external shocks, coming from commodity prices (including oil), exchange rates, stock prices or interest rates on sovereign debt, also increases. In consequence there is a growing synchronization of price changes among the countries, whose economies are strongly connected in terms of trade and financial market. The literature that deals with these issues usually analyses inflation at the aggregate level. Ciccarelli and Mojon (2010) find that nearly 70% of inflation volatility in 22 OECD countries is driven by a global factor, hence they claim that inflation is a global phenomenon in developed countries. Hakkio (2009) examines various inflation measures for the OECD countries and states that "the commonality of industrial inflation rates reflects commonality of the determinants of inflation". Beck et al. (2006) conduct similar analysis for the euro area and conclude that both, area-wide common factor and country specific common factor, are responsible for volatility of inflation rates observed at the regional (NUTS) level.
There is also a strand of literature on price determination, which attempts to reconcile persistence of inflation observed at the aggregate level with microeconomic evidence suggesting that sectoral and individual prices are very transient and volatile (see Bils and Klenow, 2004) . This volatility-persistence inflation puzzle observed in inflation at aggregate and disaggregate level (c.f. Boivin, Giannoni and Mihov, 2009) , is at odds with microeconomic foundations of most prominent sticky-price NewKeynesian DSGE models (see discussion in Maćkowiak, Moench and Wiederholt, 2009) . One of the most interesting explanation of the puzzle is provided in rational inattention model of . In their model firms react faster to sector specific events than to global macroeconomic conditions because they rationally allocate more attention to more volatile idiosyncratic shocks than to aggregate shocks which are quite persistent.
In our empirical analysis for 10 Central and Eastern European (CEE) countries we investigate both global determinants of inflation and the nature of volatility-persistence puzzle. In a dataset of HICP indices we search for common factors that drive inflation at product level. The empirical research on common factors in disaggregated inflation rates of CEE economies is scarce. With the exception of Stavrev (2009) the other studies of sectoral or individual price changes usually deal with price comovements in the developed countries like US or the euro area (Boivin et al., 2009 , Beck et al., 2011 . Monacelli and Sala (2009) looks for the contribution of the international components that are responsible for the product-level inflation in 4 major OECD countries. Choueiri et al. (2008) analyses disaggregated CPI indices for 25 countries of the European Union. Interestingly, when analysing disaggregated price indices common factors become less important than in the case of the aggregate analysis (compare Beck et al., 2011 , Boivin et al., 2009 ).
We argue that emerging market economies are also prone to the dependence on common global or regional factors. The economies of CEE countries on their road to the European Union have experienced common inflationary processes potentially connected to introducing common market and price convergence with Western European countries. Nowadays their economies are still converging with an objective to join euro area in a far or near future (as Lithuania) or they have joined it already (Slovenia, Slovakia, Latvia and Estonia) 3 . The existence of common factors driving inflation in CEE countries has been already confirmed by several authors (e.g. Maćkowiak, 2006 , Stavrev, 2009 , Krusper 2012 , Alexova 2012 , Macchiarelly 2013 . The outcomes of those research, show that domestic factors play significant role in explaining inflation dynamics. However, most of those studies concentrates at the macroeconomic level, without looking deeper into the country or sectoral determinants of price changes. Moreover, to our best knowledge, there is no research on HICP components that would decompose inflation in CEE countries into sector, and country-sector specific factors.
In our research we analyse inflation rates in 10 Central and Eastern European countries. They all have experienced an economic transformation in the period of 1990s. On one hand these are small open economies with similar disinflationary process in their EU pre-accession period. They are also strongly linked to the euro area, which makes us believe that they share some similarities in price dynamics not only at the regional level, but also at the sectoral level. On the other hand there are many differences between CEE countries in terms of trade openness, economic structures, exchange rate regimes etc. This deeper decomposition of the inflation enriches existing literature and it gives a better outlook on the price development processes in CEE region. In this paper we attempt to provide evidence, that in spite of above mentioned differences between CEE countries, we can observe some similarities in the development of the inflations across countries and sectors. However, having in mind that there may be different forces that influence different inflation components, we decompose inflation into the common factors across all countries, factors specific for each country, factors specific for different sectors and country-sector specific factors.
Most of the inflation decomposition studies rely on static representation of dynamic factor model (e.g. Ciccarelli and Mojon, 2005 , Boivin et al., 2006 and Mackowiak et al. 2009 ). The authors usually divide inflation into common factor and idiosyncratic component following Stock and Watson (1998) twostep principal components method. However with such an approach idiosyncratic components may capture sector, geographical, country specific component, and also measurement errors. To handle this problem some authors use two-level factor model which divides inflation into common and sector or geographical factors described by idiosyncratic components (see Krusper, 2012 , or Altissimo et al., 2011 . Multi-level factor models are becoming more and more popular in the literature. Starting with the study of Kose, Otrok and Whiteman (2003) on commonality of business cycles between countries on different level of aggregation new estimation methods in a dynamic factor setup have been proposed, with Bayesian analysis at the front (Moench, Ng, Potter 2013) .
A comprehensive approach for decomposition of multi-level factors in overlapping data block structures is proposed by Beck et al. (2011) . In the empirical part of this paper HICP inflation rates from 11 COICOP groups and 61 NUTS regions (at subordinate level) of 5 EMU members (at upper level) are decomposed into aggregate, country, sector and country-sector specific common components, and into idiosyncratic components. The novel contribution of our approach to the analysis of sectoral and country inflation rates relies in a unique product-level decomposition. In our study the common factors from overlapping data blocks are decomposed in a fashion similar to the Beck et al. (2011) itera-3 See article of Staehr (2010) on divergent patterns of EMU entrance across countries. tive method except for the sequence of the factors extracted. Following the iterative method we decompose disaggregate inflation into CEE region-wide, country, and sector specific components using product-level data.
From our decomposition we find that all common factors explain about 36.5% of variance in productlevel monthly price changes. Among them the most important are two CEE region-wide factors that contribute to about half of the total variance explained (17%). Regional component is also very persistent, which is generally in line with similar studies for core EU countries, but the degree of persistence is more than 3 times bigger than in core EU or in OECD countries. On average sectoral components (sector specific and country-sector specific) are less persistent than macroeconomic (country and CEE region-wide) components and as volatile as the latter. The results partly support the view that firms, when setting the price, pay attention to both macroeconomic and sectoral factors, although macroeconomic ones seem to be relatively more important than in the case of more developed countries.
The second aim of our research is the interpretation of the forces behind unobserved common factors.
The outcomes indicate that the first CEE region-wide factor (common to all countries and sectors) may be associated with disinflationary processes in CEE countries, whereas the second regional factor reveals correlations with global factors, especially commodity prices and euro area price developments.
Euro-area and U.S business cycle conditions (approximated with unemployment rates) are also responsible for the country specific factors in Bulgaria, three Baltic countries and Poland.
As the sector specific factors are concerned prices of food and other non-durable goods strongly depend on the commodity markets. Prices of services reveal the highest correlation with the unemployment, especially with the unemployment in the analysed countries, though it is not a strong one. Surprisingly, there is hardly no influence of the changes in the global or domestic economic activity on the prices of durable and semi-durable goods. Probably, it is due to the fact, that HICP components that encompass these groups are goods which prices are influenced by globalization process, which leads to the price decreases regardless of the phase of the business cycle.
The rest of the paper is organized as follows. Second section describes the data used for the analysis and next one provides description of the method used. In the fourth section we describe outcomes of the research, and finally, last section concludes.
Data
We analyse components of monthly Harmonized Index of Consumer Prices (HICP) from 10 Central and Eastern European (CEE) countries: Bulgaria (BL), Czech Republic (CZ), Estonia (EE), Hungary To capture the comovements in inflation rates across countries and sectors we employ the data base at COICOP (Classification of Individual Consumption According to Purpose) disaggregation level up to four digits, which we call product-level data shortly. When analysing sector-specific factors we group these HICP components into 5 exclusive categories (named sectors for convenience). These are services, food (which includes beverages, alcohol and tobacco), and three non-food good categories: durables, semi-durables, non-durables 4 . The distinction between semi-durables and non-durables originates from Eurostat NACE Rev. 1 classification and is defined by differences in a way (semi-)durable goods are used ('repeatedly or continuously over a period of time considerably more than one year') and their expected lifetime (for semi-durables it is shorter than for durables).
The original date base consists of 94 product-level categories. Bread and cereals for food sector, motor cars for durables, garments for semi-durables, electricity for non-durables, and refuse collections for services are examples of COICOP categories at this level of disaggregation. There are few categories which are missing (NA) from the consumption basket in some of the starting periods (because of the late acquisition of good quality data). We omit some COICOP categories with market prices observed only in few of 10 CEE countries (like combined passenger transport or maintenance and repair of other major durables for recreation and culture). We have also skipped another 51 time series with zero monthly price changes in more than 25% of the sample periods. These are mainly administered prices, although different item categories in different countries are referred under this name across time. These time series are not suitable for correlation analysis, because the administered prices are fixed for a considerable period of time between the price decisions of country authorities or other country-specific regulator. Finally, we obtain a balanced panel of 776 HICP-component series over 154 consecutive months. Almost one third of product-level items included are services (see Table 1 ). The panel is representative for all of product-level inflation in 10 CEE countries including 74 components for Estonia and 82 components for Czech Republic, which represents the significant fraction of consumer basket. 4 We find Eurostat classification of goods useful for explaining the impact of trade and production specialization between integrating economies for a number of reasons. Firstly, most of durable and semi-durable goods are also tradables, which are under strong influence of price competition and intra-industry exchange. Secondly, there is also a considerable influence of multinationals on convergence in the costs of goods produced in the longproduction chains they administer. Moreover, unit prices of durable goods are bigger than unit prices of semidurables and they move to a large extent together with the changes in the unit production costs and countryspecific demand factors. Though multinationals employ some country-specific price policies these are effective mainly in FMCG sector (i.e. non-durable), where the unit prices are much lower.
The selected product-level HICP components in a one-base index form are seasonally adjusted (SA) by comprehensive Tramo/Seats procedures for each individual series. We analyse the common factors on month-over-month (mom) COICOP indices (base results) and year-over-year (yoy) data as the robustness check (see Table 8 , Appendix 2). The mom SA data have been corrected for outliers by winsorizing the lowest and the highest values to 5 th and 95 th deciles, respectively. Finally we receive a balanced panel of 776 series (83 COICOP groups for 10 countries).
A substantial heterogeneity is observed in the sample among monthly price changes across different sectors (see Table 1 ). Services and non-durables are the sectors with the highest average price changes above 0.4% per month, next comes food sector with inflation below 0.4% and semi-durables -below 0.2%. The lowest average monthly inflation is recorded for durables and it is negative (ca. -0.2%). This ordering of average inflation rates from durables to non-durables is an interesting stylized fact in our sample which is, however, beyond the scope of our study. Unsurprisingly, sectors with highest inflation are also those with highest price volatility (see Table 1 ).
There are also significant differences in distribution of monthly inflation rates across countries. In
Romania average inflation at the product level reached 0.6% per month in the sample period (with a median of 0.3%), while inflation rates in Hungary, Estonia and Bulgaria were close to 0.3%. Czech
Republic is the country with the lowest median inflation (0.1% per month). Countries with high average inflation rates are also characterized by high inflation persistence measured by the coefficient in first-order autoregressive (AR1) process for SA monthly data. Romania is an example of this stylized fact with an inflation persistence estimated at 0.7 and Czech Republic with non-persistent changes in inflation. The important extreme case is Slovenia with an average inflation record (0.2% on average), but very volatile (as measured by standard deviation of mom changes 2.1%), and not persistent at all (see Table 2 ). The descriptive statistics (in mom terms) are generally in line with volatility-persistence puzzle when compared with aggregate data (see Table 4 in Appendix 1). The median of standard deviations of the aggregate HICP across countries is 0.4 pp. versus 1.5 pp. at the product-level. On the other hand persistence as measured by median of first-order autoregressive coefficient is three times bigger at the aggregate level than at the disaggregate one (0.34 versus 0.13).
The model
In most of the studies, where global components of inflation are extracted (Cicccarelli and Mojon 2010) or the aggregation volatility-persistence puzzle is documented (Boivin et al. 2009 ), the decomposition of inflation to sectoral and global components is based on a simple framework of a first-order common factor model. The authors draw conclusions on the commonality of price changes ( , , ) across countries (c) and sectors ( ) from the following static representation of a dynamic factor model:
where , is a global common component (a product of aggregate factors and individual timeinvariant loadings , ) and , , is an idiosyncratic term with a sector-specific interpretation.
Although the first-order factor analysis is more suitable to introduce explicitly the dynamics of common factors and observables as well as the relationship between them (like in a FAVAR approach by Monacelli and Sala, 2009 ), it has a major drawback. It implicitly assumes no hierarchical structure in the data in terms of commonalities within a country or inside a sector. Hence, in this type of factor analyses common sources of variability coming from sector or country specific factors are not properly treated leaving too much space for misinterpretations of idiosyncratic terms, which also potentially include measurement errors.
The data sets with sectoral and geographical dimensions should be better analysed with a direct hierarchical unobserved common factor model (with second or higher-order factors). Simple secondorder factor models have been applied already in analyses of regional inflation rates -see e.g. Beck et al. (2006) , Krusper (2012) :
where is a vector of factors specific to a subset of countries (e.g. CEE) or regions in a given country and , , is an idiosyncratic component.
Different sets of dimensions { , } in , , are applied in the literature depending on the focus of the research and data availability. For example, Krusper (2012) in a panel of HICP inflation rates for EU27
is interested in a regional component of inflation for 10 CEE countries, hence he defines as a country, an as a region. The author puts a country specific component interpretation on the residuals ( , , ) providing evidence on strong commonality of price movements within CEE countries at the aggregate level. In another first-order factor study Beck et al. (2006) analyze regional overall HICP inflation rates in NUTS region of EMU country . Because a multi-level factor model augments an original specification of an approximate factor model by Stock and Watson (2002) a two-step method of principal components (PC) is usually applied to estimate factors common at an aggregate level and factors common at a lower level of aggregation 5 . In the first step orthogonal aggregate common factors are extracted by PC and then they are used as regressors to calculate OLS residuals ( , , = , , − , ). In the second step, in order to extract the lower-level common factors ( ), PC is run separately on a subset of , , belonging to the group . Finally, to obtain estimates of factor loadings ( , , , ) and idiosyncratic terms ( , , ), OLS regression of , , on a set of estimated factor scores { , } is performed. This sequential non-parametric estimation method relies on the assumption that the num-ber of aggregate factors is known, which is generally not true. The number of factors may be established by the cumulative percentage of variance explained by factors or with more formal criteria (Bai and Ng, 2002) .
Obtaining lower level factors in direct hierarchical models relies on the availability of disaggregated data. With regional data for sectors or with product-level data for countries one can additionally estimate country specific and sector specific components relying on the asymptotic results from the rich approximate factor model literature (Stock and Watson, 2002 and Bai 2003) . However, there is a serious problem when analysing data sets with an overlapping dimensions (e.g. sectoral and geographical panels). In these circumstance the distinction between country, sector, and country-sector factor may depend on the ordering of factor extraction in general and the selection of the number of factors at every level of factor analysis in particular. The solution to this problem may be a sequential iterative method, but even then the decomposition of lower-order factors is still conditional on the number of factors extracted at higher order level. It also poses serious identification problems. Usually the orthogonality condition is used but is not guaranteed by iterative procedure. As a result, the more the higher level factors one extracts the less variability is left for explaining lower-level factors. Thus in the empirical part of the study we select only one common factor for lower-level aggregation and we perform sensitivity analysis to the selection of the number of aggregate factors.
To describe the comovements in disaggregate inflation rates of 10 CEE countries we apply a multilevel (third-order) static factor model closely related to the model of Beck et al. (2011) , which links the regional and sectoral analysis into a common framework. The authors propose to identify orthogonal common factors from overlapping cross-sections (geographical and sectoral in their case) using disaggregated information for one of the dimensions (geographical, namely, regional dimension). 6 To estimate the three groups of orthogonal factors the authors develop an iterative non-parametric (principal components based) estimation method which is capable of treating the overlapping block structure of the data in an appropriate way (see Monte Carlo experiments). The small samples properties of this method were tested by Beck et al. (2011) . The novel contribution of our approach to the analysis of sectoral and country inflation rates relies both in a unique product-level decomposition and the method of estimation which is analogous to the method of Beck et al.(2011) , but distinct in other dimensions. In our study the common factors from overlapping data blocks are decomposed in a fashion similar to PC iterative method except for the sequence of the factors extracted.
Particularly, we analyse sectoral COICOP product-level data on HICP inflation rates in 10 CEE countries. Although the data set in our study is also overlapping in terms of sectoral and geographical (countries) dimensions, it is the sectoral (not geographical as in Beck, et al. 2011) represents an idiosyncratic term.
In estimation we follow a non-parametric (based on principal components) method of Beck et al.
(2011) which is capable of treating the overlapping data blocks in an appropriate way 7 . Yet, we apply the estimation method to a different dataset structure. To this extent an iterative estimation procedure has been adapted which consists of the following steps. In the first step we estimate CEE region-wide factors obtained from the whole data set by the method of principal components (PC) and extract idiosyncratic components as the part of price variability not explained by CEE region-wide factors (these are OLS residuals of regressing , , , on factors ). In the second step from these residuals (demeaned across countries) we estimate common sector-specific factors by PC method in each subset of sectoral data separately. In the third step the OLS residuals of inflation rates on the estimated CEE region-wide and sector-specific factors ( , ) are used to distinguish country-specific factors in each country data subset separately. In the final step one obtains country-sector specific factors ( ) running PC on residuals from the second step separately in each data subset of a given country in a given sector. Our methods is different than Beck et al. (2011) in the second and the third step (instead of country-specific factors we estimate sector-specific factors first). Because of relatively small number of country-sector cross-section and overlapping dimensions we repeat the modified lower-order factor extraction procedure (from step 2 to step 3) until obtaining the convergent scores of country-specific and sector-specific factor between consecutive iterations 8 . Finally we also propose PC extraction of common CEE region-wide components from final residuals separately for each COICOP category and
give the discussion on their interpretations.
Another distinction in our empirical research from Beck et al. (2011) is an interpretation of sectorspecific factors connected to the level of HICP data disaggregation. Firstly, our sectors are much 7 The small samples properties of this method were tested by the authors -see Monte Carlo experiments in Beck et al. (2011) . 8 The necessary modification in the iterative procedure compared to the two-step approach are the OLS residuals we obtain the factors from. In iteration n of the second step these are OLS residuals of inflation rates on the estimated aggregate and country-specific factors from the previous iteration ( , , ! ) instead of OLS residuals from the first step broader defined than in other studies, secondly the information on the comovements come from the product-level HICP inflation rates according to our knowledge the level of disaggregation was not analysed with an overlapping third-order hierarchical factor model until now.
Results
In this section we present the empirical results with a disclaimer that they are conditional on, both, the factor model structure and the estimation method applied 9 . The results are presented for two aggregate factors (base case) which are selected based on the analysis of eigenvalues on the scree plot. The lower-order factor decomposition (by sector and countries) is also conditional on the selection of aggregate factors and on the cross-sectional breakdown of data set 10 . For the robustness check we also briefly discuss differences to the decomposition with three aggregate factors (see Source: Own calculations Table 7 in Appendix 2) and the decomposition of year-over-year price indices (Table 8 in Appendix 2).
We start with a common factor decomposition to describe the fraction of variance explained by common components, their volatility (in terms of standard deviation), and persistence (first order autoregressive coefficient) in the full data set. Then we present similar decomposition at country and sectoral breakdown to point out some important differences in subsamples. Next, we perform a correlation analysis of aggregate factors and we attempt to identify country components with a core inflation of domestic origin. The last part of this section offers a preliminary analysis of sector-specific components at the product level.
Factor decomposition
In this part we are interested in a decomposition of product-level inflation rates to aggregate (CEE region-wide), country, sector and country-sector specific components according to a multi-level factor model with an overlapping structure estimated with the iteration method presented in Section 3. We name the decomposition with two aggregate factors obtained with PC method (see Figure 1) as the base case. The first aggregate factor explains 10.8% of variation in prices at the product level, whereas the second one explains 6.5% 11 . If we select the decomposition with three aggregate factors instead of 9 Particularly, the decomposition of unobserved factors and loadings at the upper (aggregate) level depends on usual PC restrictions (e.g. orthonormal factors), which are hard to be justified on economic grounds. Although there is a rotational indeterminacy of common factors (i.e. factors are identified up to a rotation by a non-singular matrix), PC-based decomposition is unique in terms of common and idiosyncratic components as long as the number of factors is known or fixed with some statistical criteria (see Bai, Ng 2013) . Therefore, we do not interpret aggregate factors and their loadings separately, except for a preliminary correlation analysis.
10 Nevertheless, sector, country, and country-sector specific factors are identified up to a sign and variance (a local identification), as the explained variability has been limited to the first principal component of OLS residuals following the estimation method described in the previous section. The iteration steps performed in this estimation procedure guarantees that the ordering of lower level factors does not influence the results materially.
two, the contribution of country and country-sector specific components (altogether) diminishes by 4
pp. 12 The contribution of CEE region-wide component varies considerably between different countries and sectors. It is the most prominent factor in Romania (explaining 55% of price variability), and the least important for Estonia (10%), the Czech Republic (8%) and Slovenia (6%). For the other countries the fraction of explained variance is between 13% (Poland) and 18% (Bulgaria). The CEE region-wide component explains from 11% of variance in food and non-durable sector to 24% in services being the most important price determinant in each of them (compare Table 5 and Table 6 in Appendix 1).
In the base case all estimated factors explain 36.5% of variance in product-level price dynamics (mom), which is a relatively low number (see Table 3 ). The most important are two aggregate (CEE regionwide) factors that contribute to about half of the total variance explained (17.3%), less important are country (6.5%) and sector specific (3.1%) components. The country-sector specific components explains on average 9.6% of time variation in full data set, which is more than two previous components altogether. However, the interpretation of this component is troublesome. It may be interpreted as a domestic part of sector-specific price variation being the result of sector specific economic policy or a particular structure of a domestic economy. Equivalently, it may be understood as a sectoral component which is country specific because inflation rates are calculated in domestic currencies or under the influence of country-wide regulations (like fiscal policy). We will follow the second interpretation naming sector and country-sector specific components as the components of sectoral origin. Following this interpretations the overall contribution of sectoral factors is 13% on average, which is lower than the contribution of CEE region-wide factors. With the base case country specific and country-sector specific components explain, respectively, 6.5% and 9.6% of overall time variation in a panel, and in the three aggregate components 4.1% and 8.0% respectively.
Figure 1 Two aggregate (CEE region-wide) factors
The fraction of the variance explained is hard to compare with the results of other studies because of the differences in the methods applied by the researchers (Stavrev 2009) Although country and sector specific factors are responsible for similar volatility of price changes in the CEE countries (0.12 pp.), the sample is much more heterogeneous across sectors than across countries (standard deviation of volatility 0.27 and 0.14 pp. respectively). We also find that despite thorough procedure of data preparation (including outliers winsorising) still idiosyncratic (not specific to region, countries or sectors) shocks play a major role in explaining price movements at the product level with median standard deviation of 0.4 pp. per month. The result do not depend materially on the number of factors selected at the aggregate level or yoy data used instead of monthly SA indices. In fact aggregate yoy data show even bigger fraction of variance explained by two aggregate factor and the CEE-wide volatility becomes twice more volatile as any other common component, except for idiosyncratic one (see Table 8 in Appendix 2).
Hence, we also attempt to extract part of variance connected to price changes common at a given fourdigit COICOP group in full sample. This component (COICOP in Table 3 ) explains 1/6 of idiosyncratic price changes which is a bigger contribution than the contribution of sector specific component which may put the question of sectoral breakdown as an important issue for further research. The contribu- Not only the magnitude of shocks to inflation but also their persistence (i.e. for how long they preserve) is of big importance to the results. The most persistent are aggregate CEE region-wide shocks.
The first-order autocorrelation of aggregate component hits the point of 0.97, which means it is almost non-stationary part of variation extracted from the full sample. The number of cross-section units in a data panel guarantees that the results are not spurious but they are still remarkably high. Also the regional components are very persistent on average (with a median AR1 coefficient 0.68). It is a homogenous result in the cross-section of 9 CEE countries, except for Slovenia where the persistence of country specific component is close to 0. The results on persistence are generally in line with similar studies for core EU countries (Beck et al. 2011) , but the degree of persistence is more than 3 times bigger.
In line with many other studies of inflation at sectoral and product level (e.g. Beck et al. 2011 ) common aggregate factors exhibit high persistence, but unlike in other studies they are as volatile as any other common factors. The only component which is more volatile than the aggregate one is an idiosyncratic component. Hence, we have also attempted to decompose HICP-components into common factors at the product level (COICOP). At this level of data disaggregation the contribution of product-level components in a total variance is about 11%, which is more than the contribution of any specific factors except for the aggregate one. It is also the most volatile and non-uniform component of productlevel inflation, which needs further investigation.
CEE region-wide factors -interpretations
Additionally we attempt to interpret the single factors basing on their correlations with most important macroeconomic processes, both, in nominal (consumer prices -HICP, and producer prices -PPI, exchange rates, commodity prices) and real terms (economic activity indicators: industrial output, unemployment rates, PMIs). The outcomes indicate that the first factor may be associated with the disinflationary processes that occurred in 1990s in CEE countries that has led to the downturn in inflation expectations. It can be seen both in lowering inflation in the CEE countries at the country level (e.g. Romania 13 ) and in some of HICP components for several other countries. This disinflationary process was also accompanied by the globalization process (Pehnelt 2007) . Its main face in CEE region is a relocation of production to the countries with relatively lower labor costs, which is most visible in case of such consumption goods as garments, footwear, equipment for recording, photography, recording media etc. Inflation dynamics in those HICP components was either negative or in a downward trends. This phenomenon was proved by Allard (2007) with the unemployment in EA, production in EA and global PMI, therefore we may state that not only global inflation factors drive inflation in CEE countries, but also other macroeconomic variables in particular real business cycle, however this reaction occurs mostly via price developments in EA.
Figure 2. HICP for the Euro area (yoy, right axis) and second CEE region-wide factor (left axis)

Country specific factors
Correlations of country specific factors with several macroeconomic indicators show that one of the most important local determinants of inflation rates in Bulgaria, three Baltic countries and Poland are the unemployment rates both in the euro area and US. This close relationship proves a strong linkages of CEE countries with the Western European economies, and also with the global economy. Moreover this factor is also correlated with domestic core inflation i.e. HICP net of food and energy. It seems that not only global economic conditions influence country inflation, but also part of it depends on the inflationary processes in the external environment. We may consider it, as this part of inflation that is imported from the euro area. Additionally these factors correlate with the unemployment in particular country, what proves that also domestic conditions are of an importance. 
Sector specific factors
Developments of food prices in countries of the CEE region are driven by the changes of the global commodity prices, but, to a smaller extent, also domestic conditions. On one hand, growing importance of the word commodity markets and increasing openness of the CEE economies causes stronger price reaction to the movements of the commodity prices. On the other hand, recent research on the sensitivity of the HICP components to the output gap in Poland provide evidence that more than half of food indices react to the changes in the output gap (see Hałka and Kotłowski 2013) . Similar observation is valid for other non-durable goods, which comprises mostly of the energy products. The prices in this sector are strongly determined by the developments of energy commodity prices (i.e. oil, gas and coal). The factors of second importance are producer prices (PPI) and unemployment in the euro area. Quite strong correlation with the PPI may be spurious, because PPI is strongly influenced by changes on the commodity market. Though correlation with the economic conditions of the euro area proves that EA is an important partner for this sector. 
Conclusions
In this paper, we apply a new method of multi-level factor model to decompose the sources of time variation in a product-level inflation in each of 10 CEE countries. We decompose the inflation rates into CEE region-wide component at the aggregate level, and sector, country and country-sector specific components at the lower level. We find that two regional factors explain about 17% of variance in monthly price changes, which is a similar result to the contribution of aggregate component in USA (Boivin et al., 2009 ) and two times more than across 5 EMU countries (Beck et al. 2011 ), but at a different disaggregation level. The contribution of regional component varies considerably between different countries and sectors. It is the most distinct determinant of inflation in Romania (explaining 55% of price variability), and the least important for Estonia (10%), the Czech Republic (8%) and Slovenia (6%). As the sectoral breakdown is concerned, the CEE-wide component explains on average from 11% of variance in food and non-durable sector to 24% in services being the most important price de-terminant in each of them. Less important are country (6.5%), sector specific (3.1%) and country-sector specific (9.6%) components. Although, we have to bear in mind, that the results are hard to compare with other studies because of differences in the methodology used. We also find the evidence that regional component is very persistent (0.97) and country component is quite persistent too (0.60), which is generally in line with similar studies for core EU countries (Beck et al., 2011) . Sector and country-sector specific components are less persistent than country and aggregate ones. On the other hand the average standard deviation of aggregate and country-sector specific components (about 0.2 pp. per month) is about twice as the volatility of country and sector-specific components. In general high volatility of macroeconomic components relative to sectoral ones is a puzzling result in our study, which puts into the question of the explanations of 
The results also indicate that the first CEE-wide factor may be associated with the disinflationary processes that occurred in CEE countries, whereas the second regional factor reveals correlations with the global factors, especially commodity prices and euro area aggregate HICP inflation. Business cycle fluctuations in euro area and US are correlated with country-specific factors, but there are also other macroeconomic variables that influence some countries stronger than the others (e.g. industrial and energy commodities have stronger influence on the inflation in Slovakia then other analyzed countries). Additionally there is a higher volatility of the country specific factors for countries with fixed exchange rate. Such outcome may mean that floating exchange rate serves as a shock absorber and hampered by volatility of the national prices.
As the sector specific factors are concerned prices of food and other non-durable goods (mostly energy goods) strongly depend on the commodity markets. Prices of services reveal the highest correlation with the unemployment in the analyzed countries, though it is not a strong one. Surprisingly, there is hardly no influence of changes in the global or domestic economic activity on prices of durable and semi-durable goods. Probably, it is due to the fact, that HICP components that encompass these groups are influenced by the globalization process, which leads to the price decreases regardless the phase of the business cycle.
For the further research we leave two interesting questions. The first one is whether there are some similarities between CEE and euro area countries in terms of product-level inflation rates and the second is on the stability of this relationship over time. It is straightforward to apply the method of multi-level factor model to other EU countries and check the degree of comovements across countries and regions. In our analysis we assume that factor loadings and the variance of idiosyncratic terms are constant in the period 2001-2013 which is very heterogenous in terms of both global and regional economic conditions. It would be interesting to conduct similar research in a framework of time-varying factor model similar to the studies of Mumtaz and Surico (2008) or Del Negro and Ortok (2008) . 
Appendix 1 Decomposition results of the base case with two aggregate factors
